There are many ways to control the vibration of plate structure. Conventional approaches that include structural alterations are frequently time consuming and costly. One of the common schemes is using vibration absorber attached to a structure. In this paper, a mathematical model is developed to determine the frequency response of fixed-fixed ends plate with attached vibration absorber. A finite element analysis was performed and compared with the theoretical predictions and showed that there was good resemblance. The results demonstrated that the addition of vibration absorber onto plate can attenuate vibration considerably at a constant frequency.
Introduction
One of the most commonly used structures in the industrial is plate. The structural elements of plate are originally flat having a thickness smaller than the sides' dimensions. Plate evolves shear forces, bending and twisting moments to resist transverse loads, and typically they are stiffer than a beam of comparable span and thickness [1] . Thus, thin plates combine with lightweight are certainly offers economy advantages and technological effectiveness. Because of that, plates are extensively being utilized in numerous applications such as aviations, machinery, vehicles, instruments, computer peripherals and modern houses. Fig. 1 shows some of the examples of the application of plate.
Fig. 1. Potential of plate's applications
Vibrations on the other hand are always undesirable, wasting energy and producing noise [2, 3] . In this case, plates which are prominent component in most of engineering fields having no exemption from the vibration effect when a structure imposed by dynamic loading. One of the traditional treatment method involves structural modification, such as adding ribs and damping [4, 5] . However, this method is not effective due to its design complexity and expensive. This in turn cultivates a new idea of installation of vibration absorbers, which are more promising as they do not contribute significant additional energy to the structure [6] [7] [8] . The work presented in this paper describes the frequency response of fixed-fixed ends plate with attached a vibration absorber. This includes details derivation of mathematical equations of plate with and without attached vibration absorber, in which the authors were unable to discover in the literature [8, 9] . Albeit the work displayed in the paper was a "work in progress", yet it did present some promising result that well corroborated with simulation result. The authors hope that the theoretical derivation demonstrated in this paper provide a helpful reference to future researchers who endeavor to find an equation for fixed-fixed ends plate with attached vibration absorber.
Theoretical Equations
This section describes the derivation of a mathematical model which allows the calculation of frequency response function of fixed-fixed ends plate with attached a vibration absorber. At first, the mathematical equation for structural behavior of fixed-fixed ends plate is derived, which is then followed by the addition of absorber.
Vibration response of fixed-fixed ends plate. Consider a three dimensional plate with dimensions a, b and c which represent length, width and thickness subjected to a vertical point load F. The equation of motion of a plate can be written as in Eq. 1 [10] :
where E is the Young's modulus, I is the area moment of inertia, ρ is the density of plate and h is thickness of plate. The area moment of inertia for plate is defined as in Eq. 2, where ν is the Poisson's ratio.
(2)
The solution of transverse modal displacement for a plate is given in Eq. 3 which is summation of all of the individual modal amplitude responses multiplied by their mode shapes at that point [8] .
where mn W is the modal amplitude,
is the mode shape of plate, and m and n are modal integers. The general mode shape of a fixed-fixed ends plate can be determined using Eq. 4, with two independent functions m X and m Y can be calculated from Eqs. 5 and 6, respectively.
where parameters mn β and mn k are obtained in the respective Eqs. 7 and 8. 
( ) ( )
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The natural frequencies of a fixed-fixed ends plate can be calculated from Eq. 9 [10] . 
Fixed-fixed ends plate with attached a vibration absorber. Consider a model of a fixed-fixed ends plate attached with a vibration absorber subjected by a harmonic vertical load F as illustrated in Fig. 2 . In this case, a vibration absorber can be represented as a single degree of freedom springmass-damper system. By manipulate Eqs.10 and 11, the response of a plate at point (x 1 , y 1 ) with a spring-mass-damper system attached at a point (x 2 , y 2 ) can be calculated using receptance method. The displacement equation for a plate with attached a vibration absorber is given as follows: 
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Results and Discussion
The displacement response of a fixed-fixed ends plate was plotted against frequency by using Matlab®. The solution method that employed in this analysis was mode superposition methoduses the natural frequencies and mode shapes from the modal analysis to characterize the dynamic response of a structure [11] . Table 1 describes the properties of the plate that used in the study. Poisson's ratio, υ 0.3 (unit less) Fig. 3 shows the magnitude and phase of the displacement response of the plate for the finite element analysis (FEA) and the mathematical model presented here, when no vibration absorber attached to the plate. For FEA, the result was obtained using Ansys® software. In order to obtain an accurate result, 400 modes were defined in Matlab® for the frequency range of 10 to 500 Hz. The plate was subjected to a 1 N harmonic force. Fig. 3 , it clearly shows that the derived theoretical equations which plotted using Matlab® is in good agreement with FEA result of Ansys®. Fig. 4a shows the result of the frequency response function of the plate with attached a spring-mass-damper system obtained from Matlab® and Ansys®. Again, both Matlab® and Ansys® show identical results for the frequency range of 10 to 500 Hz. In this analysis, the spring stiffness is set to 95 kN/m in order to coincide with the first resonance frequency of the plate at 49 Hz. Obviously, the displacement amplitude of plate dropped
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Conclusion
A mathematical model was developed to enable the prediction vibration response of a fixed-fixed ends plate with a vibration absorber attached. In later stage, a comparison with finite element analysis was performed. It was found that both theoretical prediction and finite element analysis results were in good agreement, and the use of passive vibration is able to attenuate the vibration response of structure significantly.
